Name AP Chemistry

Hess's Law & Standard Enthalpies
Hess’s Law

Hess’s law states that enthalpy change, in going from a particular set of reactants to a
particular set of products, is the same whether the reaction takes place in one step or in a series of
steps.

Example #1:

Two forms of carbon are graphite, the soft, black, slippery material used in “lead” pencils and as
a lubricant for locks, and diamond, the brilliant, hard gemstone. Using the enthalpies of
combustion for graphite (-394 kJ/mol) and diamond (-396 kJ/mol), calculate AH for the
conversion of graphite to diamond:

Cgraphite — Ciamond

Standard Enthalpy

The standard enthalpy of formation of a compound is the change in enthalpy that
accompanies the formation of one mole of a compound from its elements with all substances in
their standard states. The degree symbol on AH® indicates that the process occurred under
standard conditions of 25°C, 1 atm and 1 M solutions. By definition, the standard heat of
formation for elements in their standard states equals zero. To calculate the enthalpy change for a
given reaction, the enthalpies of formation of the reactants are subtracted from the enthalpies of
formation of the products:



Example #2:

Using the standard enthalpies of formation, calculate the standard enthalpy change for the overall
reaction that occurs when ammonia is burned in air to form nitrogen dioxide and water. This first
step in the manufacture of nitric acid:

4 NH; (g) +7 0, (g) = 4 NO, (g) + 6 HO (1)

Questions

1) Calculate the enthalpy chance for the reaction
P4Os +2 O, — P40y
given the following enthalpies of reaction:
P;+30,—>PsOs AH=-1640.1kJ

P4+50,— P4s0;9 AH=-2940.1KkJ

2) From the enthalpies of reaction
H, + F, —» 2 HF AH =-537k]
2NO+0,—>CFs AH=-680kJ
2C+2H, > CHy AH=+523KkJ
calculate AH for the reaction of ethylene with F;:

CHy +6 F, —» 2 CF4+4 HF



3) Using the standard enthalpies, calculate the standard enthalpy change for each of the
following reactions:

(a) 280, (g) + 02 (g) > 2803 (g)

(b) Mg(OH) (s) — MgO (s) + H2O ()

(c) CH4 (g) +4 Cly (g) — CCly (1) +4 HCI (g)
(d) SiCly (1) + 2 H,O — SiO, (s) + 4 HCI (g)
(e) N2O4 (2) +4 Ha (g) > N2 (2) +4 H20 (g)

4) Calculate the standard enthalpy of formation of solid Mg(OH),, given the following data:
2 Mg (s) + O, (g) — 2 MgO (s) AH°® =-1203.6 kJ
Mg(OH); (s) — MgO (s) + H,O () AH°=+37.1kJ

2 H, () + 05 (g) — 2 H20 (1) AHP =-571.7kJ



